The long-term effects of poor maternal oral health are unknown. We determined whether maternal oral health when children were young was a risk indicator for caries experience in adulthood, using oral examination and interview data from age-5 and age-32 assessments in the Dunedin Study, and maternal self-rated oral health data from the age-5 assessment. The main outcome measure was probands' caries status at age 32. Analyses involved 835 individuals (82.3% of the surviving cohort) dentally examined at both ages, whose mothers were interviewed at the age-5 assessment. There was a consistent gradient in age-32 caries experience across the categories of maternal self-rated oral health status (from the age-5 assessment): it was greatest among the probands whose mothers rated their oral health as "poor" or who were edentulous, and lowest among those whose mothers rated their oral health as "excellent". Unfavorable maternal self-rated oral health when children are young should be regarded as a risk indicator for poor oral health among offspring as they reach adulthood.
S
evere dental caries experience is now concentrated among a relatively small group whose identification for early preventive intervention is desirable. Currently, inexpensive public health efforts (those not requiring an intra-oral examination or dental personnel) to identify those at highest risk are composed of simple questions about potential risk factors, such as past caries experience, fluoride exposure, and dietary sugar intake. Caries experience, in common with virtually all traits, is likely to be the result of several forms of gene-environment interplay. In this context, it has been suggested that family history reflects the outcome of shared genetic variations and shared nongenetic factors (environmental factors, exposures, and common behaviors) (Khoury, 2003) .
In other words, the health of one generation might profoundly affect that of the next (Meigs et al., 2000; Sesso et al., 2001; Jonsson et al., 2004; LloydJones et al., 2004; Reilly et al., 2005; Harding et al., 2006) . In support, there is evidence suggesting that maternal health may have a strong influence on disease risk in offspring (Karter et al., 1999; Meigs et al., 2000; Sesso et al., 2001; Reilly et al., 2005) .
Is maternal history a risk indicator for oral disease as well? There are intergenerational processes that can link maternal oral health (and maternal oral health beliefs, attitudes, and behaviors) to oral health and disease risk in offspring (Grytten et al., 1988; Sasahara et al., 1998; Mattila et al., 2000; Bedos et al., 2005; Li et al., 2005; Alm et al., 2008; Saied-Moallemi et al., 2008; Shearer and Thomson, 2010; Weintraub et al., 2010) . However, investigations to date have almost exclusively concentrated on oral health outcomes measured in childhood or adolescence rather than in adulthood. Furthermore, some studies are cross-sectional (and so do not offer strong evidence), and many have not controlled confounding. Others have suffered from methodological problems (selection bias, attrition, or insufficient statistical power). Whether the association between maternal and child oral health persists into adulthood is currently unknown. Thus, the current study sought to determine whether the oral health of mothers of young children can predict the caries experience of those same children when they reach adulthood. between these dates, and 972 (96% of the surviving 1015) were assessed at age 32. Ethics approval was granted by the Otago Research Ethics Committee; participants gave informed consent.
Some 922 children (88.9%) were orally examined at age 5. The accompanying parent (919 mothers, three fathers) was asked to self-report about dentate status and (if dentate) to rate her/his own oral health (responses: "excellent", "fairly good", "average", "fairly poor", or "very poor"). The three fathers were excluded from further analysis, as were six mothers who rated their oral health as "don't know". The accompanying parent did not have a clinical oral examination at this time.
Calibrated examiners carried out dental examinations for caries and missing teeth on 932 of the 972 probands who attended the age-32 assessment (conducted November 2003 -June 2005 . They estimated accumulated tooth loss by recording the presence or absence of each tooth (excluding third molars), and noting the reason for its absence. Tooth surfaces were examined for caries and restorations. They used longitudinal caries experience data to identify 3 distinct trajectories of dental caries experience from ages 5 to 32 (high, moderate, and low), using a group-based trajectory analysis model (Broadbent et al., 2008) . A similar approach determined long-term plaque exposure (Broadbent et al., 2010) . The simplified oral hygiene index (OHI-S) was used to quantify plaque accumulation on 6 index teeth (Greene and Vermillion, 1964) . OHI-S data from ages 5, 9, 15, 18, 26, and 32 were then used to identify three distinct 'plaque groups': low plaque (group mean OHI-S = 0.59, N = 320, 38.6% of this sample); moderate plaque (mean = 0.93, N = 415, 50.1%); and high plaque (mean = 1.45, N = 93, 11.2%) (Broadbent et al., 2010) .
Socio-economic status (SES) at age 32 was determined according to standard NZ indices which apply a six-interval classification according to occupation; for example, a doctor scores 1 and a laborer scores 6 (Irving and Elley, 1977; Elley and Irving, 1985) . Those scoring 1 or 2 were allocated to the high-SES group; those with a score of 3 or 4 were medium-SES; and those scoring 5 or 6 were low-SES. Socio-economic status from birth to 15 yrs was calculated as the average of the highest SES level of either parent, assessed at 0, 3, 5, 7, 9, 11, 13, and 15 yrs. Participants were also asked whether they were routine or episodic users of dental care.
Statistical Analysis
Proband age-32 DMFS, DS, FS, MS, and number of missing teeth were computed from age-32 clinical data. Descriptive and bivariate analyses used SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Multivariate analyses used Stata version 11.0 (StataCorp, College Station, TX, USA). Chi-square tests examined the statistical significance of associations observed between categorical variables. Mann-Whitney U tests (or Kruskal-Wallis tests where appropriate) were used for continuous dependent variables. Post hoc comparisons (using the Tukey test) were conducted to determine which groups differed. Statistical tests were two-tailed (alpha = 0.05). Multivariate analysis used the generalized linear model (GLM) command with modified Poisson regression analysis (using a robust error variance procedure) to estimate the relative risk of having a high caries trajectory at age 32, and to model the age-32 DMFS.
RESulTS
Of the original 1037 children, 919 (88.6%) had an oral examination at age 5, with their mothers reporting on their own oral health at this assessment, and 972 (95.8% of surviving cohort) were assessed at age 32. The bivariate analysis was limited to the 835 (82.3% of surviving cohort) study members who were dentally examined at both ages, and whose mothers had been interviewed (and self-rated their oral health or were edentulous) at the age-5 assessment. The multivariate analysis was further restricted to the 825 study members who had both a caries and a plaque trajectory. An attrition analysis found significant differences between those who were examined at both ages, and those who were examined at age 5 only (data not shown -available on request). The latter were more likely than the former to be low-SES, and to have a mother who self-rated her oral health as poor, or was edentulous, at the age-5 assessment.
Associations were found (see Table 1 ) between mothers being edentulous or having poor self-rated oral health status at the age-5 assessment and the proband's prevalence of severe caries (DMFS > 20), 1 or more teeth missing (due to caries), and of having a DMFS greater than the median at age 32; and of having a high caries trajectory from ages 5 to 32. Mothers who rated their oral health as poor or who were edentulous at the age-5 assessment had offspring with higher mean DMFS, DS, FS, and MS by age 32 than did mothers who did not rate their oral health as poor, and were dentate.
Unadjusted bivariate associations between probands' caries experience by age 32 and maternal self-rated oral health 27 yrs earlier revealed a gradient of higher prevalence and greater severity of caries experience in the proband at age 32 by poorer maternal self-rated oral health/edentulous status at the age-5 assessment (Table 1) .
Multivariate modeling was used to determine the relative risk (RR) of having a high caries trajectory between ages 5 and 32, for each of the categories of maternal self-rated oral health at the age-5 assessment (using the "excellent" category as a referent), while controlling for sex, episodic use of dental services, SES 0-15 yrs, SES at 32, and plaque trajectory. There was a consistent gradient of RR across the categories of maternal self-rated oral health status at the age-5 assessment, greatest among the probands whose mothers rated their oral health as "fairly poor/ very poor/edentulous", and lowest among those with an "excellent" rating (Table 2, Fig.) .
Based on a negative binomial approach, the probands' DMFS score at age 32 was modeled for each of the five categories of maternal self-rated oral health at the age-5 assessment, while controlling for sex, episodic use of dental services, SES at 0-15 yrs, SES at 32, and plaque trajectory. There was a consistent gradient of age-32 caries experience across the categories of maternal self-rated oral health status at the age-5 assessment, whereby it was greatest among the probands whose mothers rated their oral health as "very poor/edentulous", and lowest among those whose mothers rated their oral health as "excellent" (Table 3 , Fig.) . The mean age-32 DMFS among those in the "excellent" group was less than half that of the "very poor/ edentulous" group.
DISCuSSIOn
Analysis of these prospective cohort study data supports the hypothesis that maternal oral health when a child is young has an impact on that child's oral health status in adulthood. Children of mothers with poor oral health had themselves (on average) poorer oral health almost three decades later.
These findings are unprecedented. Until now, it has not been possible to examine the nature and extent of such cross-generational associations in oral health, because the requisite data have not been available. The Dunedin Study is distinct in its longevity, sample size, retention rate, oral health data (including intergenerational data), and information on a range of potential risk, ameliorating, exacerbating, and confounding factors. In addition to the unique proband data set, data were also collected from the mothers when their children were young. This provided a rare opportunity to investigate intergenerational associations in oral health, and to broaden understanding of the possible causal associations between the oral health of mothers of young children and the oral health of these children many years later. This study had some limitations. Those examined at both ages (included in the analysis) differed in some ways from those examined only at age 5. More of the latter were low-SES and had a mother with poor oral health in 1977/78. This may have led to an under-estimation of the strength of the observed associations. Participants' dietary habits or fluoride exposure could not be controlled for. We relied on maternal self-report data at the age-5 assessment and on proband self-report data on SES, and on dental attendance pattern at the age-32 assessment. The reliability and validity of self-report data have been addressed elsewhere (Pinelli and de Castro Monteiro Loffredo, 2007) . In the case of the Dunedin Study, interview/examiner-based assessments are more likely to capture valid data than "self-completed" data; participants are aware of the importance of accurate responses, and there is a long history of mutual trust and respect between participants and researchers.
The use of a birth cohort-and the high retention ratemeans that the sample is representative of its source population (New Zealand's South Island). Whether the findings can be generalized to the New Zealand population, and to other populations (particularly the United States), has been addressed in earlier work (Thomson et al., 2006) , where it was concluded that oral health findings from the DMHDS can cautiously be generalized to these populations.
While these findings are unique, they are reasonably consistent with the limited data on adults in their fourth decade that are available from other studies, thus increasing confidence in the validity of the longitudinal and intergenerational findings (Beltrán-Aguilar et al., 2005; Hopcraft and Morgan, 2006; Slade et al., 2007; Skudutyte-Rysstad et al., 2009) . This is true also of the findings for the mothers at the age-5 assessment (Spratley, 1978; Cutress et al., 1979) . The longitudinal associations between maternal self-rated oral health at the age-5 assessment and proband caries experience at age 32 were particularly striking, with clear gradients in caries experience across the categories of maternal self-rated oral health from 27 years earlier. These were apparent not only with the cumulative exposure measure (DMFS) at age 32, but also with that representing high caries experience through the life-course (membership in the high caries trajectory). These gradients were independent of proband sex, SES, pattern of dental attendance, and plaque trajectory. The impact of maternal oral health on adult offspring is consistent with the life-course model, whereby early influences are linked to adult health (Poulton et al., 2002; Kuh and Ben-Shlomo, 2004) , and with the notion that adult oral health is a product of gene-environment interplay (Khoury, 2003) .
Research has demonstrated associations between parents' beliefs about diet, oral hygiene, and the inevitability of oral disease and their children's oral health (Poutanen et al., 2007; Alm et al., 2008; Saied-Moallemi et al., 2008; Skeie et al., 2008; Ismail et al., 2009) . Our findings provide evidence of a strong association between mothers' self-rated oral health and their adult offspring's oral health many years later. Questioning mothers of young children about their own oral health is likely to assist in identifying those children most at risk for severe caries in adulthood.
Future research should consider how disease risk is transmitted from one generation to the next. Genetically determined traits may present in similar ways across generations. Environmental risk factors (such as SES, smoking, mothers' poor oral-health-related knowledge, attitudes, beliefs, and behaviors, early acquisition of Streptococcus mutans, suboptimal fluoride exposure, and episodic use of dental health services) may persist across generations. A genetic predisposition coupled with exposure to environmental risk factors forms the basis for gene-environment interplay-that is, the situation where both genetic and environmental factors interact to influence health in individuals and populations.
This study provides strong evidence that the children of mothers with poor self-rated oral health are more likely to grow up to have poorer oral health than those of mothers with good self-rated oral health. Maternal self-rated oral health when children are young appears to be a valid representation of the intricacies of the shared genetic and environmental factors that contribute to oral health throughout the life-course. Unfavorable maternal self-rated oral health should be regarded as a risk indicator for poor oral health among offspring later in adulthood. Simple questions about maternal oral health should form part of a preliminary and inexpensive assessment of a child's future oral disease risk (on both clinical and public health grounds). In addition, it is important that a Reference categories: male (female, coded 0), episodic user of dental services at age 32 (routine user of dental services at age 32, coded 0), low or medium SES from birth to age 15 (high SES from birth to age 15, coded 0), low or medium SES at age 32 (high SES, coded 0), moderate or high plaque trajectory (low plaque trajectory, coded 0), maternal self-rated oral health 27 years earlier (maternal self-rated oral health as "excellent", coded 0). Figure. Mothers' self-rated oral health status at age-5 assessment by: (a) proband relative risk (RR) of high caries trajectory between ages 5-2 1 ; and (b) by proband mean DMFS at age 32 2 . 1 Adjusted -modified Poisson regression model; 2 Adjusted -negative binomial regression model. mothers are told that their oral health can have an impact on their child's oral health, and dentists should encourage mothers of young children to receive dental care. 
